Magnetic correlations of two iso-structural quasi-one-dimensional (1D) antiferromagnetic spinchain compounds SrM2V2O8 (M = Co, Mn) have been investigated by magnetization and powder neutron diffraction. Two different collinear antiferromagnetic (AFM) structures, characterized by the propagation vectors, k = (0 0 1) and k = (0 0 0), have been found below ∼ 5.2 K and ∼ 42.2 K for the Co-and Mn-compounds, respectively. For the Mn-compound, AFM chains (along the c axis) order ferromagnetically within the ab plane, whereas, for the Co-compound, AFM chains order ferro-/antiferromagnetically along the a/b direction. The critical exponent study confirms that the Co-and Mn-compounds belong to the Ising and Heisenberg universality classes, respectively. For both compounds, short-range spin-spin correlations are present over a wide temperature range above TN . The reduced ordered moments at base temperature (1.5 K) indicate the presence of quantum fluctuations in both compounds due to the quasi-1D magnetic interactions.
I. INTRODUCTION
Quasi-one dimensional (1D) spin-chain systems are of current interest due to their unconventional magnetic properties.
1 It is well established that an ideal 1D antiferromagnetic (AFM) spin system does not show longrange ordering above T = 0 K due to strong quantum spin fluctuations. Moreover, the magnetic properties of such spin-chains are strongly dependent on their spinvalues. 2, 3 Half-integer spin chains are gapless and a small amount of interchain coupling induces long-range AFM order, [4] [5] [6] while integer spin chains have a singlet ground state and gapped excitations making them stable against magnetic order. 7, 8 In addition, the presence of anisotropy leads to more complex behavior and a richer phase diagram.
In this context, the compounds belonging to the material class AM 2 V 2 O 8 (A = Sr, Ba and M = Cu, Ni, Co, Mn) have recently attracted attention to study the role of anisotropy, spin-value, and interchain interactions on the 1D magnetic properties. [8] [9] [10] [11] [12] [13] [14] These compounds contain screw-chains of M O 6 octahedra along the c axis, separated by nonmagnetic VO 4 (V 5+ ; 3d 0 , S = 0) tetrahedra, resulting in a quasi 1D spin-structure [ Fig. 1 ].
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The S = 1 AFM chain compound SrNi 2 V 2 O 8 has a nonmagnetic singlet ground state with a gap between the singlet and triplet 1 st excited states. The presence of substantial interchain interactions (zJ ⊥ /J ∼ 0.03; where z is the number of neighbors in other chains) significantly modifies the low energy magnetic excitations and reduces the gap values at the AFM zone centers.
8, 16 The presence of uniaxial anisotropy (along the c axis) causes a zero field splitting of the triplet states and results in unusual field-dependent magnetic behavior. 8, 16 Further, the substitution of nonmagnetic ions such as Mg 2+ at the Ni
2+
site induces 3D long-range AFM order.
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On the other hand, the S = 1/2 XXZ Ising system BaCo 2 V 2 O 8 undergoes long-range magnetic ordering at 5.4 K in zero magnetic field. 12, 18, 19 Application of magnetic field suppresses the AFM order and results in a field-induced order to disorder transition.
12 Below 1.5 K, a novel quantum magnetic state with incommensurate propagation vector appears for magnetic fields ≥ 4 T. In the present investigation, we have studied the magnetic correlations of two iso-structural quasi-1D half-integer spin-chain compounds SrM 2 V 2 O 8 [with M = Co (effective S = 1/2), Mn (S = 5/2)] to understand the effect of interchain-interactions, anisotropy, and spin-values on the magnetic ground state properties. It is shown that both these compounds develop long-range magnetic order but have different antiferromagnetic ground states.
Previous reports on bulk magnetic properties showed that the Co-and Mn-compounds order antiferromagnetically below ∼ 5 K and ∼ 43 K, respectively. 13, 14 For the Co-compound the magnetic easy axis is the c axis. An interesting field induced order-disorder quantum phase transition was also reported at ∼ 3.7 and ∼ 6.5 Tesla for H c and H ⊥ c, respectively, at 2 K which indicates the strongly anisotropic nature of the magnetism. 13 It reveals the presence of strong quantum fluctuations which affect the Néel AFM state under magnetic field and results in the quantum phase transition. On the other hand, no such field induced magnetic transition was reported up to 7 Tesla in the Mn-compound. The magnetic ground state of the Mn-compound was predicted to be a classical long-range antiferromagnet with weak anisotropy.
14 The magnetic structures of these compounds, which are necessary to understand their magnetic ground states and microscopic magnetic properties, are currently unknown.
In this paper, we report a detailed investigation of the magnetic correlations in both the Co-and Mncompounds by neutron diffraction and dc-magnetization. The magnetic ions Co 2+ and Mn 2+ have different electronic configurations (Co 2+ ; 3d 7 , effective S = 1/2 and 
Mn
2+ ; 3d 5 , S = 5/2) resulting in different spin values, different ionic radii (0.745Å for Co 2+ and 0.83Å for Mn 2+ ) 20 and different anisotropy (Co 2+ is anisotropic; Ising type and Mn 2+ is isotropic; Heisenberg type). Antiferromagnetic ordering has been found below ∼ 5.2 K and ∼ 42.2 K for the Co-and Mn-compounds, respectively. Interestingly, our low temperature neutron diffraction study confirms that they have two completely different collinear AFM structures, characterized by the propagation vectors; k = (0 0 1) and k = (0 0 0) for the Co-and Mn-compounds, respectively. For the Mn-compound, AFM chains (along the c axis) are arranged ferromagnetically within the ab plane, whereas, for the Co-compound, AFM chains are arranged ferro-/antiferromagnetically along the a/b direction. A critical exponent study was performed to investigate the nature of magnetic ordering in these compounds. Neutron diffraction also reveals the presence of short-range spinspin correlations over a wide temperature range above T N for both compounds.
II. EXPERIMENTAL
Polycrystalline samples of SrCo 2 V 2 O 8 were synthesized by using the solid-state reaction method. First the high-purity reagents of SrCO 3 , CoC 2 O 4 .2H 2 O, and V 2 O 5 are taken as the starting materials in the molar ratio of 1:2:1. The reagents were weighed separately and mixed with ethanol, then ground carefully and homogenized thoroughly in an agate mortar. The mixture was packed into an alumina crucible and calcined at 800
• C in air for 72 h with several intermediate grindings. Finally, the product was pressed into pellets and sintered at 900
• C in air for 36 h. Single crystals of SrCo 2 V 2 O 8 were grown using the floating zone technique at the crystal laboratory, Helmholtz-Zentrum Berlin für Materialien und Energie (HZB), Berlin, Germany. For this, the powder was pressed into a feed rod using a cold isostatic press. The floating zone furnace was used to melt the tip of the feed rod, which recrystallized on a seed crystal to achieve single-phase growth, the molten zone was then moved along the feed rod at a rate of 1 mm/hour to obtain a large single crystal. The crystals were grown in a mixture of high quality flowing oxygen (20%) and argon (80%) at ambient pressure. The resulting crystals were cylindrical with a diameter of ∼ 4 mm and length of ∼ 10 cm.
Polycrystalline samples of SrMn 2 V 2 O 8 were synthesized by a two-step solid-state reaction method. In the first step, as a precursor for the main synthesis, SrV 2 O 6 was synthesized from the mixture of high purity SrCO 3 and V 2 O 5 with a 1:1 molar ratio. The chemicals were mixed carefully and homogeneously using a mortar and pestle in ethanol. The mixed chemicals were then put in a Pt-crucible and calcined at 550
• C in air for total 24 h with intermediate grindings. For further reaction, the calcined powder was finally heated at 600
• C for 48 h. In the second step, the as-prepared SrV 2 O 6 and high purity MnO were mixed in a 1:2 molar ratio and the mixture was ground homogeneously in an agate mortar. The mixture was then pressed into pellets and sintered at 850
• C in Ar flow for total of 144 h with intermediate grindings and repelletizations.
The as-prepared powder samples were characterized by powder X-ray diffraction (XRD) using a lab X-ray machine (Bruker D8 Advance). The XRD measurements were performed at 300 K using Cu K α radiation over the scattering angular range 2θ = 12
• -90
• . The phase purity of the single crystals were also confirmed by powder XRD. A part of the crystal was ground into powder for this study. The backscattering X-ray Laue patterns revealed the good single-crystalline nature of the samples.
Temperature and field-dependent magnetization measurements were carried out using a Physical Properties Measurement System (14 T PPMS; Quantum Design) at the Laboratory for Magnetic Measurements, HZB. The temperature-dependent static susceptibility [χ(T)] measurements were performed over a temperature range of 2-400 K for the Co-compound and 2-900 K for the Mncompound, respectively, under an applied magnetic field of 1 Tesla. All measurements were performed in the warming cycle after cooling the samples in zero field. The isothermal magnetization measurements were performed at the base temperature 1.8 K over ±14 Tesla in the zero field cooled condition. Single crystal measurements were carried out on a small piece of the crystal (3 × 2 × 1 mm
3 ) with edges parallel to the principal crystallographic axes.
For the crystal structure investigation, neutron diffraction patterns for both compounds were recorded at 300 K by using the high resolution powder diffractometer E9 (λ = 1.7982Å), at HZB, Germany. For the magnetic structure investigation, low temperature neutron diffraction patterns were measured by using the time-of-flight diffractometer V15, at HZB, Germany. V15 is equipped with four movable detector banks which were positioned at 30, 60, 90, and 150 degrees. The incident wavelength band 0.7-7.8Å was used for the measurements. Low temperature measurements were performed in a standard orange cryostat. The diffraction data were analyzed by the Rietveld method using the FULLPROF program.
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III. RESULTS AND DISCUSSION
A. Crystal structure
The crystal structures of SrCo 2 V 2 O 8 and SrMn 2 V 2 O 8 are investigated from simultaneous Rietveld analysis of both X-ray and neutron powder diffraction patterns, recorded at 300 K (Fig. 2) . Rietveld analysis confirms that both compounds crystallize in the tetragonal space group I4 1 cd. It also confirms that the Mncompound is single phase in nature. The Co-compound used for the X-ray and low temperature neutron diffraction measurements contains a small amount (∼ 4 %) of CoO impurity phase. However, a phase pure sample of SrCo 2 V 2 O 8 (without CoO impurity) was used for the neutron diffraction study at 300 K. The refined values of various structural parameters such as lattice constants, fractional atomic coordinates, and isotropic thermal parameters are given in Table I .
The values of the lattice constants are found to be a = 12.2710(1)Å and c = 8.4192(1)Å for the Cocompound and a = 12.4527(1)Å and c = 8.6853(1)Å for the Mn-compound, respectively. These values are in good agreement with the values reported earlier. 14, 22, 23 The larger lattice constants of the Mn-compound compared to the Co-compound are due to their ionic radii. The greater ionic radius of the Mn 2+ ion (0.83Å) compared to that of the Co 2+ ion (0.745Å) in octahedral coordination causes this increase of the lattice constants. The isostructural compound SrNi 2 V 2 O 8 also follows this sequence. Its lattice constants were reported to be a = 12.1608(1)Å and c = 8.3242(1)Å which are the smallest in this series due to the smaller ionic radius of the Ni 2+ ions (0.69Å).
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The crystal structure of these compounds consists of screw chains along the c axis [ Fig. 1 ]. The screw chains are formed by corner sharing M O 6 octahedra and are connected via VO 4 tetrahedra by sharing corners [ Fig.  1(a) ]. The M O 6 octahedra and VO 4 tetrahedra are found to be slightly distorted as evident from the differences in the Co/Mn-O and V-O bond lengths [ Table II propagating along the c axis which results in a complex interchain interaction geometry within a given ab plane [ Fig. 1(c) ]. Furthermore the interaction geometry rotates 90
• in the next layer (shifted by c/4) along the c axis. Interchain interactions are also possible, via superexchange pathways (through the VO 4 tetrahedra), from Mn/Co (10) ions in a chain to the Mn/Co ions which are shifted by c/4 in the neighboring chains [ Fig. 1 ]. The peculiar crystal structure, therefore, provides many possible interchain super-exchange interaction pathways with comparable strengths. The distances between magnetic ions along the chain direction are 2.874 ± 0.019Å for the Cocompound and 2.937 ± 0.014Å for the Mn-compound, respectively. Within a given ab (along a/b axis) plane, the distances between magnetic ions are 6.428 ± 0.015/6.452 ± 0.013Å for the Co-compound and 6.523 ± 0.011/6.543 ± 0.012Å for the Mn-compound, respectively. The different interchain distances for the two compounds are 
1.704 (7) 1.708(6)
6.428 (15) 6.523(11) 6.452 (13) 6.543 (12) also due to the ionic size effect.
B. Magnetization
Figures 3(a) and 3(b) show the susceptibility (χ) vs. temperature curves, measured under a magnetic field of 1 T, for SrCo 2 V 2 O 8 and SrMn 2 V 2 O 8 , respectively. For SrCo 2 V 2 O 8 , with decreasing temperature a broad hump with maximum around 30 K followed by a sharp peak at ∼ 5.2 K [ Fig. 3 (a)] has been found for the powder sample. The single crystal susceptibilities show that the broad peak ∼ 30 K is present for both parallel (H c) and perpendicular (H a) field directions. With decreasing temperature, below ∼ 5.2 K, the parallel susceptibility (H c) shows a sudden decrease, whereas, a sharp peak appears in the perpendicular susceptibility (H a) at ∼ 5.2 K [ Fig. 3(a) ]. The broad hump is characteristic of the onset of 1D short-range spin-spin correlations and the sharp peak corresponds to the onset of 3D long-range AFM ordering. The presence of short-range spin-spin correlations is confirmed from the neutron diffraction study (see section E). A large difference between parallel and perpendicular susceptibilities has been observed that persists up to 400 K. This indicates the presence of a large paramagnetic anisotropy.
It is also found that the χ(T ) curves do not follow Curie-Weiss behavior below 400 K which may be due to low-lying crystal field excitations as well as the presence of short-range correlations. It should be noted that 13 and was explained on the basis of weak ferromagnetic moments due to canted antiferromagnetic ordering. In agreement with our results, the susceptibility curves reported by Lejay et. al.
23 from a single crystal study do not show this jump. In addition, no ferromagnetism is evident in our low temperature neutron diffraction results (discussed in section C).
It is known that for the free Co 2+ (3d 7 ) ion having 7 electrons the total orbital and spin angular momenta are L = 3 and S = 3/2, respectively, according to Hund's rules. A cubic crystal field splits the 7 orbital levels into 1 orbital singlet and 2 orbital triplets. The lowest state is a triplet T 1 . The effective orbital angular momentum within the triplet T 1 is L = 1. In octahedral ligand field and with spin-orbit coupling the degeneracy of the 12 states in T 1 is partially lifted and results in 6 Kramers doublets. The lowest Kramers doublet can be regarded as an effective S = 1/2 with large anisotropy. The exchange interaction between true Co 2+ spins (S = 3/2) may be regarded as a molecular field which lifts the degeneracy of the Kramers doublets.
To estimate the intrachain interaction in SrCo 2 V 2 O 8 , the parallel susceptibility curve is fitted with the BonnerFisher model for uncoupled Ising chains (Ref. 24 )
where g is the Landé factor parallel to the Ising axis, k B stands for the Boltzmann constant and J N N is the nearest neighbor intrachain exchange constant. The fitted values of the parameters are found to be J N N = -45.35 ± 0.04 K and g = 9.90 ± 0.01. The values of J N N = -40.6 K and g = 9.42 were reported by He et. al. 13 The fitted curve is shown by the solid line. The discrepancy between the observed and fitted curves indicates that the present compound deviates from the pure Ising limit and may be better defined as an XXZ-system.
For isolated chains, the perturbation from the pure Ising limit gives rise to a continuum of soliton-pair excited states. This is in contrast to the doubly degenerate ground states and highly degenerate set of first excited states of energy 2J in the pure Ising limit. 25 The continuum states may be split into discrete levels by interactions with adjacent chains as reported for CsCoCl 3 .
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The mixing of crystal-field levels of the Co 2+ ion with the spin excitation states may also be expected which leads to a decrease of the energy values of the excited states.
For SrMn 2 V 2 O 8 , with decreasing temperature the susceptibility curve shows a broad maximum ∼ 170 K, characteristic of short-range 1D magnetism, followed by a kink ∼ 42 K corresponding to the 3D long-range AFM transition [ Fig. 3(b) ]. The nature of the susceptibility curve is similar to that reported earlier by Niesen et. al. for this compound.
14 Below T N , the susceptibility curve showed a slight increase, which was ascribed to the transverse susceptibility.
14 To estimate the strength of the intrachain interactions, the susceptibility curve above 90 K is fitted with a general expression of the susceptibility of Heisenberg spin-chains predicted from Padé approximations
where the first temperature-independent term χ 0 is due to Van-Vleck paramagnetism as well as diamagnetic core susceptibility and J N N is the nearest-neighbor intrachain super-exchange interaction. A good agreement between observed and calculated susceptibility curves is found.
The fitted values of the parameters are J N N = 37.57 ± 0.02 K, g = 1.9999 ± 0.0009, and χ 0 = −3.67 × 10 −4 ± 0.07×10 −4 emu mole −1 Oe −1 . For the fitting, the values of the coefficients A i and B j are adopted from Ref. 26 . The field dependence of the magnetizations for both compounds, measured at 1.8 K are shown in Fig. 4 . For SrCo 2 V 2 O 8 , field induced phase transitions under the critical fields of ∼ 3.7 and ∼ 6.5 T for H c and H ⊥ c (H a), respectively, have been found. Same critical field values (H c = 3.7 T and H ⊥ c = 6.5 T) were reported earlier by He et. al. 13 For the powder sample, as expected, a broad transition extending from 3.7 T to 6.5 T is found for both positive and negative magnetic fields [inset of Fig. 4(a) ].
A similar field induced magnetic (order-disorder) transition was reported in the related compound BaCo 2 V 2 O 8 for H c and was attributed to the quantum phase transition characteristic of the S = 1/2 1D XXZ antiferromagnet with Ising-like anisotropy. 18, 19 Here, the magnetic field induces a reentrant phenomenon from the 3D long-range Néel state into a 1D quantum spin-liquid state. This transition was theoretically predicted first for gapped spin systems as a function of doping of the magnetic site by non-magnetic impurities. 27 The magnetization of SrCo 2 V 2 O 8 shows an almost linear field dependence below the transition fields which indicates the absence of a ferromagnetic contribution in agreement with the neutron diffraction results (discussed later). No hysteresis and remanent magnetization were found at 1.8 K. There is also no tendency towards saturation up to 14 T.
On the other hand, for SrMn 2 V 2 O 8 no such field induced transition has been found. In this case, the magnetization shows almost linear behavior with magnetic field. The value of magnetization is small ∼ 0.2 µ B /Mn 2+ at 14 T as compared to the fully polarized magnetization of 5 µ B /Mn 2+ which confirms the presence of strong AFM interactions. This is in agreement with neutron diffraction results where an AFM ordering has been found for this compound (discussed later). The magnetization studies clearly reveal that two compounds have very different magnetic properties despite their similar crystal structures.
C. Magnetic structures
In order to investigate the nature of the ground state for these two iso-structural compounds, we have carried out low temperature neutron diffraction measurements at several temperatures below and above the corresponding Néel temperatures. For this purpose, we employed the time-of-flight diffractometer V15 which provides good resolution over the low Q (high d) region.
Magnetic structure of SrCo2V2O8
The neutron diffraction patterns of SrCo 2 V 2 O 8 at 8 K (paramagnetic state) and 1.5 K (magnetically ordered state) are shown in Fig. 5 [(a)-(b) ] and Fig. 5[(c) ], respectively. Owing to the presence of a small CoO impurity in this sample (discussed earlier), the neutron diffraction patterns at 8 K are refined with a model which included three phases. The phases are (i) nuclear phase for SrCo 2 V 2 O 8 and (ii) nuclear as well as (iii) magnetic phases for CoO. The CoO orders antiferromagnetically below 295 K. 28 First we refined the diffraction pattern from the detector bank at 150 deg [ Fig. 5(a) ] which covers the d-range from 1-3.7Å. Good agreement between observed and calculated patterns has been obtained [ Fig.  5(a) ]. The tetragonal crystal structure with space group I4 1 cd (as found at room temperature) reproduces the low temperature nuclear phase of SrCo 2 V 2 O 8 . The refined values of the lattice parameter are found to be a = 12.206 ± 0.011Å and c = 8.374 ± 0.013Å, respectively.
The crystal structure for CoO is monoclinic with space group C2/m. 28 The lattice parameters are found to be a = 5.168 ± 0.018Å, b = 3.004 ± 0.043Å, c = 3.008 ± 0.023Å, and β = 125.5 ± 0.8 deg which are in good agreement with the reported values. 28 The AFM structure with propagation vector k = (0 1 1/2) was used for the magnetic phase of CoO as reported by Jauch et. al. 28 The refined value of the ordered magnetic moment is 3.9 ± 0.1 µ B /Co 2+ which also agrees well with the reported value of 3.98 µ B /Co 2+ at 10 K. 28 The obtained values of structural parameters and magnetic moment were used to refine the diffraction patterns from the detector bank at 60 deg which covers high d-value region (2.5-7.2Å) and important for the magnetic scattering study of SrCo 2 V 2 O 8 . The refined diffraction pattern 
IRs
from this detector bank at 8 K is depicted in Fig. 5 (b) and shows good agreement between observed and calculated patterns.
The diffraction pattern at the base temperature of 1.5 K (magnetic ordered state) is shown in Fig. 5(c) . Appearance of a set of additional magnetic Bragg peaks has been observed which are at positions (hkl) with h + k + l is an odd integer, that is, on the nuclear peaks forbidden by the body-centered symmetry I of the lattice. All magnetic peaks can be indexed with a propagation vector k = (0 0 1) with respect to the tetragonal symmetry.
In order to find the magnetic structure that is compatible with the space group symmetry, we performed representation analysis by using version 2K of the program SARAh-Representational Analysis. 29 The analysis was done by using the crystal structure above the transition and the propagation vector of the magnetic ordering. Firstly it involves the determination of the space group symmetry elements, that leave the propagation vector k invariant: these form the little group G k . The magnetic representation of a crystallographic site can then be decomposed in terms of the irreducible representations (IRs) of G k :
where n ν is the number of times that the IR Γ ν of order µ appears in the magnetic representation Γ mag for the chosen crystallographic site.
For SrCo 2 V 2 O 8 , the crystal structure is described by the space group I4 1 cd (Sp. Gr. No. 110). This space group involves two centering operations and eight symmetry operations (Appendix A). All the eight symmetry operations leave the propagation vector k invariant or transform it into an equivalent vector. For the propagation vector k = (0 0 1), the irreducible representations 5 Ψ1 (100) (100) (010) (010) (000) (000) (000) (000) Ψ2 (010) (010) (-100) (-100) (000) (000) (000) (000) Ψ3 (001) (00-1) (001) (00-1) (000) (000) (000) (000) Ψ4 (000) (000) (000) (000) (-100) (-100) (010) (010) Ψ5 (000) (000) (000) (000) (010) (010) (100) (100) Ψ6 (000) (000) (000) (000) (001) (00-1) (001) (00-1) Ψ7 (000) (000) (000) (000) (-100) (-100) (0-10) (0-10) Ψ8 (000) (000) (000) (000) (010) (010) (-100) (-100) Ψ9 (000) (000) (000) (000) (001) (00-1) (00-1) (001) Ψ10 (100) (100) (0-10) (0-10) (000) (000) (000) (000) Ψ11 (010) (010) (100) (100) (000) (000) (000) (000) Ψ12 (001) (00-1) (00-1) (001) (000) (000) (000) (000)
of the propagation vector group G k are given in Table  III . There are five possible IRs. The magnetic reducible representation Γ mag for the Co site (16b site) can be decomposed as a direct sum of IRs as Γ mag = 3Γ Table IV . The labeling of the propagation vector and the IRs follows the scheme used by Kovalev. 30 The atomic sites are labeled following the convention given in Table III. The representations Γ 1 , Γ 2 , Γ 3 , and Γ 4 are one dimensional and are repeated three times each in Eq. 4. There are three basis vectors corresponding to each of these representations. Moreover, the basis vectors for some of the sites are purely imaginary. The representation Γ 5 is two dimensional and repeated six times. It, therefore, corresponds to a magnetic structure of twelve basis vectors. The refinement of the magnetic structure was tested for each of these five IRs, and only Γ 5 gave satisfactory agreement. It may be noted that the two dimensionality of Γ 5 permits two physically equivalent descriptions of the magnetic structure. The basis vectors for Γ 5 indicate that the moment components along all a, b, and c directions are refinable. The simultaneous refinement of all three moment components gives the values m a = 0.12 ± 0.08 µ B , m b = −0.09 ± 0.08 µ B , and m c = 2.25 ± 0.05 µ B . It is apparent that the moment components along the a and b axes are weak and in the order of the error bar. Therefore, the moments align predominantly along the c axis which is the magnetic easy axis [ Fig.  4(a) ] and the maximum possible deviation from the c axis is less than 5 %. The fitted pattern is shown in Fig.  5 (c) which shows good agreement with the observed pattern. Here a four phases model (nuclear and magnetic phases for both SrCo 2 V 2 O 8 and CoO) was used for the refinement. The R mag -factor was found to be 5.08 % for the magnetic phase of SrCo 2 V 2 O 8 .
The corresponding magnetic structure (weak moment components along the a and b axes are ignored) is shown in Fig. 6 where the Co-spins align antiferromagnetically along the chain (c axis). Within the basal plane (ab plane), the spins form ferromagnetic/antiferromagnetic zigzag lines along the a/b axis. It may be noted that the observed magnetic structure is the same as that reported for the related compound BaCo 2 V 2 O 8 .
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Further, to verify the magnetic structure, simulated annealing (SA) analysis 32 was performed using the FullProf suite program. 21 The details of the SA method and the results are given in Appendix B. The solution of SA is the same as the Γ 5 magnetic structure that was obtained from representation analysis with magnetic moments aligned along the c axis [ Table VIII ].
The refined value of the magnetic moment ∼ 2.25 µ B /Co 2+ at 1.5 K is substantially smaller than the value 3 µ B /Co 2+ expected for S = 3/2 considering a spin only contribution. Therefore, it may be concluded that the Co moments are not fully ordered even at 1.5 K. This reduction is probably due to strong quantum fluctuations expected in this quasi-1D system. In fact, the presence of quantum fluctuations is evident from the field-induced transition from the 3D long-range AFM ordered state to the 1D quantum disordered state. 13 Nevertheless, all magnetic Bragg peaks are found to be instrumental resolution limited, thus confirming that the AFM ordering is long-range at 1.5 K.
Magnetic structure of SrMn2V2O8
The neutron diffraction patterns of SrMn 2 V 2 O 8 at 60 K (paramagnetic state) and 1.5 K (magnetically ordered state) are shown in Fig. 7 (a)-(c) . The diffraction pattern from the detector bank at 150 deg [ Fig. 7 (a) ] at 60 K can be fitted by the nuclear phase alone with the tetragonal space group I4 1 cd, as found in the room temperature diffraction study, confirming the paramagnetic state. The refinement shows good agreement between observed and calculated patterns. The refined values of the lattice parameter are a = 12.3768 ± 0.0004Å and c = 8.6397 ± 0.0003Å. The obtained values of the structural parameters were used to refine the diffraction patterns from the detector bank at 60 deg which covers high dvalue (2.5-9.5Å) region and important for the magnetic scattering study. The refined diffraction pattern from this detector bank is depicted in Fig. 7 (b) which also shows good agreement between observed and calculated patterns.
The diffraction pattern measured at 1.5 K (in the magnetic ordered state) is shown in Fig. 7(c) . Appearance of a set of additional magnetic Bragg peaks as well as the increase of the intensity of few nuclear Bragg peaks have been observed. Unlike SrCo 2 V 2 O 8 , the magnetic peaks for this compound are at positions (hkl) where h + k + l is an even integer, that is, on the nuclear peaks allowed by the body-centered symmetry I of the lattice, however, forbidden by the space group symmetry I4 1 cd. Therefore, the propagation vector k = (0 0 0) can be used for the magnetic phase.
For this case, we have also carried out representation analysis to find out the symmetry allowed magnetic structures. As discussed earlier in the case of SrCo 2 V 2 O 8 , the space group I4 1 cd involves two centering operations and eight symmetry operations (Appendix A). All the eight symmetry operations leave the propagation vector k invariant. For the propagation vector k = (0 0 0), the IRs of the propagation vector group G k are given in Table V Table VI. The representations Γ 1 , Γ 2 , Γ 3 , and Γ 4 are one dimensional and repeated three times. The representation Γ 5 is two dimensional and repeated six times. The refinement of the magnetic structure was tested for each of the irreducible representations, and only Γ 5 gave satisfactory agreement. The basis vectors for Γ 5 indicate that the moment components along all a, b, and c directions are refinable. The refinement confirms that the moments are aligned in the ab plane with m c component being zero or very weak (should be less than 5 % if any). Calculated pattern considering any arbitrary moment direction within the ab plane fits the observed data (R mag = 7.3 − 7.38 %). However, the refinement with the moment along the a or b axis and the other components fixed to zero gives a marginally better fit (R mag = 7.3%). Therefore, it is not possible to determine the moment direction uniquely within the ab plane from the present powder 
data. Single crystal neutron diffraction is required to determine the moment direction. Nevertheless, this powder diffraction investigation confirms that the moments are arranged parallel to each other within the ab plane and antiparallel to each other along the c axis. The calculated pattern considering moments entirely along the a or b axis is shown along with observed pattern in Fig.  7(c) . A schematic magnetic structure, considering the moments along the b axis, is shown in Fig. 8 . For further verification of the magnetic structure, we have performed an SA analysis (see Appendix B). The solution of the SA gives a magnetic structure where spins are preferably arranged antiferromagnetically along the c axis and ferromagnetically within a given ab plane. The solution also indicates that the moments are preferably aligned perpendicular to the c axis and mostly along the a or b axis. The solution of SA, therefore, agrees well with the magnetic structure obtained from the representation analysis (corresponds to the Γ 5 ).
The refined value of the magnetic moment is found to be 3.99 ± 0.01 µ B /Mn 2+ at 1.5 K. This value is quite small compared to the fully ordered moment of 5 µ B (Mn 2+ : 3d 5 ; S = 5/2). The reduced ordered moment even at 1.5 K (T/T N ≈ 0.036) suggests the presence of quantum fluctuations due to the quasi-1D magnetic interactions. However, all magnetic peaks are found to be instrumental resolution limited suggesting 3D long-range AFM order at 1.5 K. Table V .
IRs
Basis Vectors Mn1 Mn2 Mn3 Mn4 Mn5 Mn6 Mn7 Mn8 Γ 1 1 Ψ1 (100) (-100) (010) (0-10) (100) (-100) (0-10) (010) Ψ2 (010) (0-10) (-100) (100) (0-10) (010) (-100) (100) Ψ3 (001) (001) (001) (001) (00-1) (00-1) (00-1) (00-1) Γ 1 2 Ψ1 (100) (-100) (010) (0-10) (-100) (100) (010) (0-10) Ψ2 (010) (0-10) (-100) (100) (010) (0-10) (100) (-100) Ψ3 (001) (001) (001) (001) (001) (001) (001) (001) Γ 1 3 Ψ1 (100) (-100) (0-10) (010) (100) (-100) (010) (0-10) Ψ2 (010) (0-10) (100) (-100) (0-10) (010) (100) (-100) Ψ3 (001) (001) (00-1) (00-1) (00-1) (00-1) (001) (001) Γ 1 4 Ψ1 (100) (-100) (0-10) (010) (-100) (100) (0-10) (010) Ψ2 (010) (0-10) (100) (-100) (010) (0-10) (-100) (100) Ψ3 (001) (001) (00-1) (00-1) (001) (001) (00-1) (00-1) Γ 2 5 Ψ1 (100) (100) (000) (000) (100) (100) (000) (000) Ψ2 (010) (010) (000) (000) (0-10) (0-10) (000) (000) Ψ3 (001) (00-1) (000) (000) (00-1) (001) (000) (000) Ψ4 (000) (000) (010) (010) (000) (000) (0-10) (0-10) Ψ5 (000) (000) (-100) (-100) (000) (000) (-100) (-100) Ψ6 (000) (000) (001) (00-1) (000) (000) (00-1) (001) Ψ7 (000) (000) (0-10) (0-10) (000) (000) (0-10) (0-10) Ψ8 (000) (000) (100) (100) (000) (000) (-100) (-100) Ψ9 (000) (000) (00-1) (001) (000) (000) (00-1) (001) Ψ10 (100) (100) (000) (000) (-100) (-100) (000) (000) Ψ11 (010) (010) (000) (000) (010) (010) (000) (000) Ψ12 (001) (00-1) (000) (000) (001) (00-1) (000) (000)
Both the magnetization and neutron diffraction studies reveal that the two iso-structural compounds SrCo 2 V 2 O 8 and SrMn 2 V 2 O 8 have different magnetic ground states.
Unlike SrMn 2 V 2 O 8 , the magnetic structure of SrCo 2 V 2 O 8 , which consists of a ferro-/antiferromagnetic arrangement of AFM chains within the tetragonal plane (ab plane) is unusual for a tetragonal structure. Two explanations for this situation may be considered as (i) the presence of competing interchain interactions along the diagonal ( 110 ) direction within the ab plane and/or (ii) a structural transition from the tetragonal to an orthorhombic symmetry which accompanies the magnetic ordering.
For the former case, the competition between AFM J ′ N N (along the principle axes a and b) and AFM J ′ N N N (along the diagonal direction in the ab plane) results in magnetic frustration for a square-lattice (tetragonal symmetry). For a frustrated square-lattice system, the J 1 -J 2 model (where J 1 and J 2 are the exchange interactions along the side and diagonal of the square), predicts a collinear stripe-like AFM structure for J 2 /J 1 ≥ 0.6. The collinear stripe structure is occurred by an order by disorder phenomenon. 33 However, it should be noted that the spin-geometry within a given ab plane for the studied compounds is more complex [ Fig. 1(c) ] than a simple square-lattice. Furthermore, the dominant interaction is the intrachain AFM interaction which is expected to be an order of magnitude greater than the interchain interactions. Moreover, the crystal structure suggests the possibility of a complex interchain interaction topology with many competing interactions; not only within the ab plane but also with an out-of-plane component. The screw chains also may allow second-nearest-neighbor intrachain interactions along the c axis. To investigate the interchain interactions in detail, inelastic neutron scattering studies on single crystal sample are required. The reduction of the magnetic symmetry can also be explained by a finite magnetoelastic coupling within the ab plane. In this case, the effective J ′ N N interactions along two principle axes become unequal due to lattice distortions. However, the lattice distortions, if any, are rather weak and, therefore, not evident in the present neutron diffraction data which has moderate resolution. Note that, neither the sign nor the magnitude of the change of J ′ N N as a function of distance are known. To search for a possible distortion, high resolution diffraction studies as a function of temperature by using either neutron or synchrotron radiation are desired.
D. Critical exponent
In order to understand further the nature of magnetic orderings, we have carried out a temperature-dependent neutron diffraction study. Figures 9 (a) and (b) show the temperature dependence of the normalized square root of the integrated intensities of a few selected magnetic Bragg peaks of SrCo 2 V 2 O 8 and SrMn 2 V 2 O 8 , respectively. The integrated intensities were obtained from Gaussian function fit of the magnetic satellite peaks. The fits confirm that the positions of the magnetic peaks do not change with temperature proving that there is no change of the k-vectors for both compounds. The intensity of each magnetic peak was normalized with respect to its intensity at the base temperature 1.5 K. These measurements allowed us to determine the critical exponent β for the temperature induced phase transition from the long-range AFM ordered state to the paramagnetic state.
The order parameter (i.e., the ordered AFM moment m) can be expressed as m(T ) ∝ (T N − T ) β . The ordered magnetic moment is proportional to the square root of the integrated intensity of the magnetic peaks. Thus the critical exponent β can be obtained by fitting the square root of the integrated intensity to the following equation
where A is a proportionality constant and T N is the 3D AFM ordering temperature. For SrCo 2 V 2 O 8 , the fit of the above equation to the observed data over a limited temperature range near T N (0.75 ≤ T /T N ≤ 1) is shown by solid red curve in Fig. 9(a) . The fitted values of β and T N are found to be 0.33 ± 0.03 and 5.21 ± 0.03 K, respectively. The fitted value of β = 0.33 is close to the value β ≈ 5/16 (= 0.3125) predicted for the 3D Ising model. 34 The slightly higher value of β may be due to the deviation from the pure Ising limit as evident in our temperature-dependent susceptibility study. For SrMn 2 V 2 O 8 , the critical exponent β and T N are 0.36 ± 0.03 and 42.2 ± 0.02 K, respectively, obtained from the fit of the data in the temperature range 0.5 ≤ T /T N ≤ 1 [ Fig. 9(b) ]. The fitted value of β agrees well with the theoretically expected value of 0.367 for the 3D Heisenberg model. Figs. 10 (a) and (b) , respectively. The magnetic patterns were obtained by subtraction of the paramagnetic background at 30 K for the Co-and at 200 K for the Mn-compound, respectively. For both compounds, the presence of diffuse magnetic scattering due to short-range spin-spin correlations is evident over a wide temperature range above and below T N . This is in agreement with the χ(T) study where broad peaks, indicating the short-range spin-spin correlations, appeared centered at ∼ 30 K for the Co-compound and at ∼ 170 K for the Mn-compound, respectively [ Fig. 3 ].
For the Co-compound, below 20 K, a broad diffuse peak appears at d ∼ 3.4Å. On lowering the temperature, the peak intensity increases continuously. At T ≤ 6 K, an additional broad peak appears at d ∼ 5.2Å. When the temperature is lowered further, the broad peaks gradually transform into a set of Bragg peaks below T N ∼ 5.2 K. The complete transformation occurs at ∼ 4 K resulting in a coexistence of both broad diffuse peaks and sharp Bragg peaks over the temperature range 5.2-4 K. For the Mn-compound, with decreasing temperature below 150 K a broad diffuse peak appears at d ∼ 4.7Å. With further lowering of temperature, the peak intensity increases continuously and gradually transforms into Bragg peaks below T N ∼ 42.2 K. The broad diffuse peak is found to coexist below T N down to ∼ 30 K.
From this diffuse scattering study, it is evident that the transition from short-range to long-range magnetic ordering is not sharp but rather occurs gradually over a wide temperature range in both compounds. The short-range spin-spin correlations are expected to be one dimensional (due to the strong intrachain interactions) and appear when the interaction strength becomes comparable to the thermal energy. With further lowering of temperature, the thermal energy becomes comparable to the interchain interaction strength and 3D long-range magnetic ordering starts to occur at T N . To investigate the exact nature of the short-range correlations, neutron diffraction studies on single crystal are required. Nevertheless, this study confirms the presence of short-range correlations over a wide temperature range above and below T N for both compounds.
IV. SUMMARY AND CONCLUSION
In summary, we have investigated magnetic correlations in two iso-structural compounds SrM 2 V 2 O 8 with different magnetic ions Co 2+ and Mn 2+ by using dcmagnetization and neutron diffraction. The crystal structures of both compounds have tetragonal symmetry with space group I4 1 cd. However, an expansion of unit cell volume from the Co-compound to the Mn-compound has been found due to the ionic radii effect. Both magnetization and neutron diffraction studies reveal that two compounds have different magnetic properties and different AFM ground states. For the Mn-compound, AFM chains (along the c axis) are ordered ferromagnetically within the ab plane, whereas, for the Co-compound, AFM chains are ordered ferro-/antiferromagnetically along the a/b direction. Reduced ordered moments have been found for both compounds at base temperature 1.5 K revealing the presence of strong quantum fluctuations due to the quasi-1D magnetic interactions. Critical exponent study indicates that the Co-and Mn-compounds belong to the Ising and Heisenberg universality classes, respectively. For both compounds, the presence of short-range spinspin correlations have been found over a wide temperature range due to the quasi-one-dimensional magnetic interactions. Tables, where the  elements are separated into rotation 35 and translation components, and the Jones faithful representations. a All the eight symmetry operations leave the propagation k invariant or transform it into an equivalent vector.
Element
Rotation (please note that for SrCo 2 V 2 O 8 , additional parameters for nuclear and magnetic phases of CoO were also fixed) and the magnetic contributions were introduced as a new phase using the Le Bail fit mode. The SA analysis was, then, done without considering any symmetry constrain. The only constrain was the same magnitude of the moments for all eight independent magnetic sites within a unit cell. This gives total 17 refinable parameters; one magnetic moment parameter and 8×2 = 16 angular pa- Table VIII and Table IX , respectively.
The solution for SrCo 2 V 2 O 8 corresponds to a magnetic structure in which the moments are arranged antiferromagntically along the c axis and ferro/antiferromagnetically along the a/b axis with moments aligned along the c axis.
The solution for SrMn 2 V 2 O 8 corresponds to a mag-
